Purpose: To evaluate the toxicity, palliative benefit, and survival benefit of Radium-223 (Ra-223) in a community setting.
Introduction
Prostate cancer can exhibit a broad clinical spectrum, from an indolent lesion appropriately managed with observation, to a widely metastatic, castrate resistant, lethal malignancy. Approximately 3% of patients with newly diagnosed prostate cancer present with bone metastasis, and another 12% develop bone metastasis within a few years (Norgaard et al., 2010) . More than 80% of prostate cancer patients have metastasis only to the bone (Hess et al., 2006) . Risk factors for the subsequent development of bone metastasis include higher Gleason score, higher serum prostate specific antigen (PSA), and shorter PSA doubling time (Moriera et al., 2016) . Roughly 40% of men with metastatic prostate cancer develop skeletal related events (SREs) such as a pathologic fracture, spinal cord compression, and the need for surgery or radiotherapy to the involved bone (McDougall et al., 2016) . These SREs carry with them substantial economic costs (Perrault et al., 2015) , patient discomfort, and reduced cancer specific survival (Koo et al., 2015) .
Radium-223 dichloride was developed as a potential palliative treatment for patients with symptomatic bone-only metastasis. The ALSYMCA (Alpharadin in Symptomatic Prostate Cancer) trial was a phase 3, placebo controlled trial that randomized 921 men with bone metastasis from hormone refractory prostate cancer (HRPC) to receive or placebo roughly every four weeks for a total of six cycles (Parker et al., 2013) . Patients had to have at least two bone metastases, have symptoms requiring regular use of narcotic medications, or to have undergone palliative external beam radiation therapy within the 12 weeks prior to trial registration. They were excluded if they had evidence of visceral metastasis or any lymph node greater than 3 cm in short axis diameter. Ra-223 produced a 30% survival benefit, with a median survival of 14.9 months compared to 11.3 months for patients treated with a placebo, which led to FDA approval in 2013.
A subsequent pre-specified subgroup analysis evaluated the efficacy and toxicity of Ra-223 for those patients who previously were treated with docetaxel compared to those who did not receive it, and the survival benefit was comparable (Hoskin et al., 2014) . The median survival of the docetaxel patients treated with Ra-223 was 14.4 months, 95% CI (12.5, 15.5 months) compared to the docetaxel placebo patients who had a median survival of 11.3 months, 95% CI (10.0,12.9 months). The Ra-223 patients not previously treated with docetaxel had a median survival of 16.1 months, 95% CI (13.9, 17.8 months) while the placebo patients not previously treated with docetaxel had a median survival of 11.5 months, 95% CI (9.5, 14.1 months).
We sought to compare how our patients who received Ra-223 fared compared to the ALSYMPCA patients, particularly since several of our patients were also treated with some of the more recently approved anti-hormonal agents either before or following Ra-223.
Methods and Materials
The study institution is an approximately 100 bed community hospital based cancer center located in a rural community of 32,000. The hospital Institutional Review Board approved our performing this retrospective analysis. We identified through the nuclear medicine records 11 patients who started Ra-223 between March 15, 2013 and December 10, 2015. Three of these patients received Ra-223 on an expanded access program prior to FDA approval of the radiopharmaceutical. None of our patients were enrolled in the ALSYMPCA trial.
The Wilcoxon signed rank test was used to compare the published results of the ALSYMPCA patients with those from our institution. The Hodges-Lehman estimate of the median survival of our patients was calculated from the date of the first Ra-223 infusion. P-values from all hypothesis tests were compared with the significance level of 0.05 to determine statistical significance. Table 1 compares the patient characteristics of the patients on the ALSYMPCA trial who were randomly assigned to receive Ra-223 prior to their first infusion with the patients from our institution. The most striking difference is in patient age, with our patients having a median age of 81 compared to 71 for the ALSYMPCA patients. 73% of our patients were over 75 years of age, compared to 28% of the ALSYMPCA patients.
Results

Survival
The ALSYMPCA trial demonstrated a 30% survival benefit for the patients who received Ra-223, with a median survival of 14.9 months with Ra-223 compared to 11.3 months for patients receiving placebo. The Hodges-Lehman estimate of the median survival of our patients from the date of the first Ra-223 infusion was 7.8 months with a 95% confidence interval (CI) of (2.8, 14.7). The p-value was 0.0122 from testing whether the median survival in our setting was different from 14.9 months, indicating our patients had a statistically significantly shorter median survival than the estimated median survival time from the ALSYMCA trial. The median survival for our patients from the last Ra-223 was 3.53 months.
When comparing the survival from the last Ra-223 infusion for our three patients who completed all six infusions to the eight who received fewer than six Ra-223 infusions, the median survival time difference was 52 days, with a 95% CI (-546, 263), which was not statistically different (p-value >0.999). Similarly, when comparing the survival time from the first Ra-223 infusion for our three patients completing all six infusions to the eight who received fewer infusions, the median survival time difference was 111 days with a 95% CI (-497, 323), which was not statistically significant (p-value=0.667). 
Tolerance
Only 27.3% (95% CI: 6.0, 61.0%) of our patients completed all six planned infusions, statistically significantly less than 63% for the ALSYMPCA patients treated with Ra-223 (p=0.0239), but not statistically different than the 47% completion rate of the ALSYMPCA placebo patients (p=0.236), who completed a median number of five infusions. The median number of infusions for our patients was four.
Only one of our eight patients who stopped Ra-223 prior to the completion of six infusions did so specifically due to side effects. This patient stopped treatment after two infusions due to persistent anemia. Five of our eight patients stopped Ra-223 early due to progressive malignancy or clinical decline, with two going directly into hospice. One patient stopped Ra-223 to try one of the newer agents. There was no documented reason for one patient's decision to stop Ra-223 early.
Anemia
10% of the ALSYMPCA patients developed grade 3 or higher anemia, compared to 18% of our patients. The 95% confidence interval (CI) was (2.28, 52.78) %. The p-value was 0.303, suggesting the proportion of patients with grade 3 or higher anemia following the Ra-223 treatment in our community hospital based cancer center was not statistically significantly different from 10%.
Neutropenia
7% of the ALSYMPCA patients developed grade 3 or higher neutropenia, compared to 9% of our patients, with a 95% CI of (0.23, 41.28) %. The p-value was 0.550, suggesting the proportion of patients with grade 3 or higher neutropenia following the Ra-223 treatment in our cancer center was not statistically significantly different from 7%.
Thrombocytopenia
7% of the ALSYMPCA patients developed grade 3 or higher thrombocytopenia, compared to 9% of our patients, with a 95% CI of (0.23, 41.28) %. The p-value was 0.550, suggesting the proportion of patients with grade 3 or higher thrombocytopenia following the Ra-223 treatment in our center was not statistically significantly different from 7%.
We used three measures of treatment effectiveness: 1) reduction in the pain scores, 2) reduction in the serum PSA, and 3) reduction in the alkaline phosphatase. These results are displayed in Table 2 . Compared to the pre-treatment values, numerical reductions were seen at the last follow-up evaluation for both the pain scores and the alkaline phosphatase levels, but the reductions were not statistically significant. Our patients received several newer agents that were not available to the patients on the ALSYMPCA trial. Table  3 lists these agents (except for docetaxel, which was available at the time of the ALSYMPCA trial) and the number of our patients who received them either before or after Ra-223. In addition, three patients received palliative radiotherapy before their first Ra-223 infusion and three patients received palliative radiotherapy upon completion of Ra-223. Table 4 lists the number of patients who received various numbers of these agents prior to starting Ra-223. 
Discussion
Radium-223 dichloride selectively binds to areas of increased bone turnover, such as at sites of bone metastasis. It then sequentially delivers a series of four high energy alpha particles. Although the energy of these alpha particles (3 to 8 MeV) is higher than that for various beta particles such as from strontium-89 or samarium-153, the range of the alpha particles is much shorter, being several microns, or less than 10 cell diameters, compared to several mm for beta particles (Humm, Sartor, Parker, Bruland, & Macklis, 2015) . Ra-223 consequently can kill tumor cells in painful bone metastasis without the same degree of bone marrow toxicity seen with the two FDA approved beta emitters.
The most common non-hematologic adverse effects of Ra-223 experienced by patients in the ALSYMPCA trial included (all grades): bone pain (50%), nausea (36%), fatigue (26%), diarrhea (25%), constipation (18%), vomiting (18%), anorexia (17%), peripheral edema (13%), and weight loss (12%) (Parker et al., 2013) . Although grades 1 and 2 adverse effects were more common in the Ra-223 patients than in those receiving placebo, grades 3 or higher toxicity were more common among the placebo patients than in those receiving Ra-223. Only 13% of the ALSYMPCA patients receiving Ra-223 had progression of malignancy, and only 4% had deterioration in their general physical health. This contrasts sharply with our patients, of whom 5/11 (45%) stopped treatment early due to progression of malignancy or clinical deterioration. The rates of anemia, neutropenia, and thrombocytopenia were no greater in our patients than those receiving Ra-223 in the ALSYMPCA trial.
The ALSYMPCA trial randomly assigned patients to receive best supportive care plus either Ra-223 or placebo delivered every four weeks for six cycles. Patients were stratified as to whether they had previously received docetaxel. Best supportive care at that time consisted of therapies such as bicalutamide, corticosteroids, bisphosphonates, and estrogens. Currently patients have the additional options of abiraterone, cabozantinib, and enzalutamide (Parker, 2015) , none of which were available to the ALSYMPCA patients. Our patients received a variety of these agents either prior to or upon completion of Ra-223. Physician preference for the newer agents likely contributed to the small number of patients receiving Ra-223.
Several recent reviews have compared the effectiveness of Ra-223 compared to these newer agents, as well as the beta emitting radiopharmaceuticals Strontium-89 and Samarium-153 (Harrison, Wong, Armstrong, & George, 2013) , (Vignani et al., 2016) , (Seal, Asche, Puto, & Allen, 2013) . The cost effectiveness of Ra-223 has also been the subject of a recent report (Norum, Traasdahl, Totth, Nieder, & Olsen, 2015) .
The ALSYMPCA patients had a much longer overall survival than our patients (median survival 14.9 months versus 7.8 months). There are potentially multiple factors that can account for this discrepancy. Our patients were older than those in the ALSYMPCA trial, with a median age of 81, as compared to 71 on the ALSYMPCA trial. The ALSYMPCA trial included 171 patients on the Ra-223 arm and 90 patients on the control arm who were over age 75, but, to the authors' knowledge, survival and tolerance data on these patients have not been reported separately. It is unclear whether our patients did poorly due to their advanced age or to their prior treatment with multiple lines of therapy.
In this regard, 10 of 11 patients (91%) received Ra-223 either as last-line (six patient's) or next to last-line (four patients), including 7 of our 11 patients (64%) who received Ra-223 only after progression on one or more of the newer agents unavailable to the ALSYMPCA patients. This could have had the effect of administering Ra-223 to a greater number of patients with biologically more aggressive and treatment-resistant prostate cancer than in the ALSYMPCA study.
Supporting this concept is the observation that, although it was not statistically significant, the median survival from the first Ra-223 infusion was only 5.3 months for the five patients who received abiraterone prior to Ra-223 compared to 12.65 months for the six who did not (p-value = 0.247). The estimated difference was -7.35 months with a 95% CI of (-19.1, 5.0) . Correspondingly, the recently reported COMET-1 trial found that cabozantinib, an oral inhibitor of tyrosine kinase inhibitors including MET and VEGF receptor-2, did not significantly improve overall survival compared with prednisone in heavily pretreated patients who had bone metastases and disease progression after docetaxel and abiraterone and/or enzalutamide (Smith et al., 2016) .
Finally, the factors of advanced age and being pretreated with newer approved agents likely contributed to only 27% of our patients completing the planned six infusions of Ra-223, as compared to 63% of the ALSYMPCA patients. In our small group of patients, there was no difference in survival times for those who completed all six planned infusions than for those who received fewer infusions. The authors are unaware of reported survival times from the larger ALSYMPCA trial for those who completed all six infusions compared to those who did not. Of course, our low completion rate may have represented an additional, independent factor in our significantly lower overall survival duration.
Realizing that the survival time of our patients was much less than those reported from the Ra-223 patients in the ALSYMPCA trial, we also compared the survival time of our patients to the control group of the ALSYMPCA trial to determine if our patients had a survival benefit from treatment intermediate between the reported ALSYMPCA control and the ALSYMPCA Ra-223 patients, but our patients' survival was not statistically significant from the ALSYMPCA control group. Since ours was an observational study rather than a controlled clinical trial, we did not have a clearly defined group of patients to serve as an institutional placebo (control) group.
In regards to the measured serum tumor markers, PSA and alkaline phosphatase, the former is not a reliable indicator of tumor response to Ra-223. In the ALSYMPCA trial, 68% of patients who previously received docetaxel had an increase in their PSA, as did 57% of men with no prior docetaxel. PSA values before and at the end of treatment were available for nine of our patients, seven (78%) of whom had a PSA increase at the end of Ra-223.
In contrast, alkaline phosphatase is considered a much better marker for tumor response. 48% of the ALSYMPCA patients with prior docetaxel and 46% of the patients with no prior docetaxel had at least a 30% reduction in their alkaline phosphatase. Information was available for nine of our patients, four of whom (44%) had at least a 30% reduction in their alkaline phosphatase at the end of Ra-223, like the ALSYMPCA patients.
Conclusions
Not all patients with symptomatic bone-only metastatic castration resistant prostate cancer benefit from Ra-223 to the same extent as the ALSYMPCA patients. This small study is not meant to contest the findings of the large, international ALSYMPCA trial. It is meant only as a caution to community physicians that older patients who have been treated with newer agents such as abiraterone and enzalutamide may find little benefit from the addition of Ra-223. The optimal placement of Ra-223 in the landscape of metastatic castration resistant prostate cancer treatment is unknown and will require the completion of further prospective randomized clinical trials. Until the results of these trials become available, it is prudent to carefully follow the tolerance and survival of Ra-223 patients treated with newer agents such as abiraterone and enzalutamide.
